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Abstract 

Background: The association between high-sensitivity C-reactive protein and recurrent major adverse cardiovascular 
events (MACE) in patients with ST-elevation myocardial infarction who undergo primary percutaneous coronary 
intervention remains controversial. 

Objective: To investigate the potential association between high-sensitivity C-reactive protein and an increased risk 
of MACE such as death, heart failure, reinfarction, and new revascularization in patients with ST-elevation myocardial 
infarction treated with primary percutaneous coronary intervention. 

Methods: This prospective cohort study included 300 individuals aged >18 years who were diagnosed with 
ST-elevation myocardial infarction and underwent primary percutaneous coronary intervention at a tertiary health 
center. An instrument evaluating clinical variables and the Thrombolysis in Myocardial Infarction (TIMI) and Global 
Registry of Acute Coronary Events (GRACE) risk scores was used. High-sensitivity C-reactive protein was determined 
by nephelometry. The patients were followed-up during hospitalization and up to 30 days after infarction for the 
occurrence of MACE. Student's t, Mann-Whitney, chi-square, and logistic regression tests were used for statistical 
analyses. P values of <0.05 were considered statistically significant. 

Results: The mean age was 59.76 years, and 69.3% of patients were male. No statistically significant association 
was observed between high-sensitivity C-reactive protein and recurrent MACE (p = 0.11). However, high-sensitivity 
C-reactive protein was independently associated with 30-day mortality when adjusted for TIMI [odds ratio (OR), 1.27; 
95% confidence interval (CI), 1.07-1.51; p = 0.005] and GRACE (OR, 1.26; 95% CI, 1.06-1.49; p = 0.007) risk scores. 

Conclusion: Although high-sensitivity C-reactive protein was not predictive of combined major cardiovascular events 
within 30 days after ST-elevation myocardial infarction in patients who underwent primary angioplasty and stent 
implantation, it was an independent predictor of 30-day mortality. (Arq Bras Cardiol. 2014; 103(1):69-75) 
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Introduction 

Coronary artery disease (CAD) is a major cause of 
mortality worldwide. It accounted for 7 million deaths in 
the year of 201 1 , which corresponds to 1 1 .2% of the overall 
mortality during that period 1 . Within the clinical spectrum of 
CAD, ST-elevation myocardial infarction (STEMI) accounts 
for 29%-47% cases of acute coronary syndrome (ACS) 23 . 
STEMI results from the rupture of an atherosclerotic plaque 
with superimposed coronary thrombosis in approximately 
75% patients 4 5 . 
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Inflammatory responses play a key role in plaque 
rupture 67 . The usefulness of inflammatory markers as 
indicators of hidden atherosclerosis, in the improvement of 
risk algorithms 8 " 12 , and as predictors of the risk of recurrent 
events and death during ACS 13 20 has been investigated. 
Among these markers, high-sensitivity C-reactive protein 
(hs-CRP) is the most extensively studied 21 . 

When it comes to the prognosis of STEMI, there is a series 
of conflicting results with regard to hs-CRP 22 " 27 . Selection 
biases and heterogeneity of the reperfusion modalities are 
some of the limitations of the different studies. In the setting of 
primary percutaneous coronary intervention (pPCI), the data 
available are controversial and scarce, particularly with regard 
to short-term events 28 . Moreover, risk scores with a strong 
prognostic ability, particularly Thrombolysis in Myocardial 
Infarction (TIMI) and Global Registry of Acute Coronary 
Events (GRACE) scores, have been broadly used with the aim 
of early risk stratification 2930 . However, these scores do not 
include inflammatory markers. This study aimed to assess the 
association of hs-CRP with a composite endpoint including 
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death, reinfarction, new revascularization, and heart failure, 
that occurred within 30 days of the index event in patients 
with STEMI who underwent pPCI and stenting. 

Material and Methods 

Sample 

The study sample was selected from patients diagnosed with 
STEMI according to the World Health Organization criteria 
who were admitted to a tertiary care hospital of interventional 
cardiology between 2002 and 2010. The inclusion criteria 
were as follows: age > 1 8 years, both sexes, indication of pPCI 
and stenting, and ability to fast for at least 1 2 h. The exclusion 
criteria were as follows: history of malignancy, presence of 
human immunodeficiency virus (HIV) infection, presence of 
inflammatory disease, duration of >24 h between infarction 
and hospital admission, use of corticosteroid therapy, and 
current or recent use of nonsteroidal anti-inflammatory drugs 
(NSAIDs; within the last month). 

Methods 

This was a prospective cohort study in which each patient was 
first approached right after admission to the emergency room. 
Patients meeting the inclusion criteria, but not the exclusion 
criteria, were invited to participate in the study and were asked 
for written informed consent. After receiving consent, a complete 
history was taken, followed by physical examination. Patients 
were assessed with respect to population data (age, sex, race), the 
presence of risk factors for ischemic heart disease (hypertension, 
diabetes mellitus, dyslipidemia, cigarette smoking, family history 
of CAD, and obesity), and medications used. Patients with systolic 
blood pressure > 140 mmHg and/or diastolic blood pressure 

> 90 mmHg, those using anti-hypertensive medication, and 
those with a previous diagnosis of hypertension were considered 
hypertensive. Patients with diabetes were defined as those with 
a previous diagnosis of diabetes mellitus, those consuming 
hypoglycemic drugs, or those with fasting blood glucose 

> 126 mg/dL before admission. Dyslipidemia was defined as 
serum low-density lipoprotein cholesterol (LDL-C) > 1 30 mg/dL, 
high-density lipoprotein cholestrol (HDL-C) < 40 mg/dL, 
triglycerides > 150 mg/dL, or a combination of these. Smokers 
were considered as those who currently smoked on a regular basis 
or those who had quit for < 1 year. A positive family history was 
defined as a diagnosis of CAD or other atherosclerotic disease in a 
male first-degree relative aged < 55 years or a female first-degree 
relative aged < 65 years. Obesity was diagnosed on the basis of a 
body mass index of >30 kg/m 2 . Clinical and electrocardiographic 
characteristics of the infarct, TIMI and GRACE risk scores, and 
type of hospital care were recorded. Then, a blood sample was 
drawn for hs-CRP determination. The sample was collected after 
a 1 2-h fast, but no later than within the first 24 h of infarct onset. 
Hs-CRP was determined using the nephelometry method (Dade 
BehringBN™ II, Liederbach, Germany). From hospital admission 
to discharge, all patients were followed-up by the research team, 
and the occurrence of clinical complications such as arrhythmias, 
heart failure, reinfarction, percutaneous reintervention, coronary 
artery bypass grafting, and death were recorded. 



The primary endpoint of the study was the combination 
of major adverse cardiovascular events (MACE) including 
death, heart failure, reinfarction, or new revascularization 
(whether percutaneous or surgical) within the first 30 days 
after the index event. Death was considered as that from 
all causes. The heart failure endpoint was investigated on 
the basis of clinical parameters suggestive of pulmonary 
congestion and/or signs of low cardiac output. Reinfarction 
was defined as angina or anginal equivalent accompanied 
by a new ST-segment elevation in leads consistent with 
those of the territory of the artery affected in the index 
event. New revascularization was characterized by the 
need for percutaneous or surgical intervention motivated by 
instability of the clinical picture (elective revascularization 
were not considered endpoints). 

Thirty days after infarction, the patients were assessed in 
the ambulatory care section of the Institute of Cardiology 
so that the occurrence of any endpoint of interest could 
be identified. 

Ethical considerations 

The research project was approved by the Research 
Ethics Committee of the Institute of Cardiology/University 
Foundation of Cardiology, under protocol number 4406.09. 
All patients provided written informed consent. 

Statistical analysis 

Sample size calculation: Assuming a MACE prevalence 
rate of 23% (checked in a preliminary analysis of the 
database), with an error margin of 5% and a 95% confidence 
interval (95% CI), the required sample size was calculated 
to be at least 273 patients. Categorical variables were 
described as proportions, while quantitative variables 
were described as means and standard deviations or 
medians and interquartile ranges. For quantitative variables, 
Student's t-test or the Mann-Whitney test was used to 
evaluate comparisons between groups. The chi-square 
test was used to evaluate comparisons between categorical 
variables. Multiple logistic regression multivariate analysis 
was conducted with MACE as a dependent variable. 
The results of multivariate analyses were expressed as odds 
ratios (ORs). The significance level was set at p < 0.05, and 
analyses were conducted using Statistical Package for the 
Social Sciences (SPSS) software version 19. 

Results 

A total of 300 patients with a mean age of 59 ± 11 
years were evaluated. Most patients were male (69.3%) and 
Caucasian (89.8%). The most prevalent risk factor for ischemic 
heart disease was systemic hypertension, found in 62.2% 
patients. Previous conditions and procedures, as well as the 
medications used prior to hospitalization, are shown in Table 1 . 

The mean TIMI and GRACE risk scores in the sample cohort 
were 3.57 (standard deviation, 2.40) and 143.07 (standard 
deviation, 35.35), respectively. The percentage of patients 
assigned to Killip classification groups I, II, III, and IV were 
83, 12.3, 2, and 2.7%, respectively. 
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Table 1 - Baseline patient characteristics 



Mean age (years) 


59.76 (± 11) 


Male sex (%) 


69.3 


Caucasian race (%) 89.8 


Risk factors (%) 


SAH 


62.2 


Cigarette smoking 


48.0 


FH 


44.3 


Dyslipidemia 


39.9 


Diabetes mellitus 


21.6 


Obesity 


18.2 


Most frequent previous conditions and procedures (%) 


AMI 


14.5 


Peripheral vascular disease 


7.4 


Gastrointestinal disease 


6.8 


Ischemic stroke 


5.7 


COPD 


3.4 


PCI 


11.8 


CABG 


3.4 


Medications more frequently used before the index AMI (%) 


ACE! 


27.0 


Antiplatelet drugs 


25.0 


Beta-blockers 


22.0 


Diuretics 


16.0 


Statins 


11.0 



SAH: systemic arterial hypertension, FH: family history of cardiovascular 
disease, AMI: acute myocardial infarction, COPD: chronic obstructive 
pulmonary disease, PCI, percutaneous coronary intervention; CABG, coronary 
artery bypass grafting; ACEI, angiotensin converting-enzyme inhibitors 



The patients were divided into two groups on the basis of 
the year of enrollment: group 1 (137 individuals hospitalized 
between 2002 and 2006) and group 2 (163 patients 
hospitalized between 2007 and 201 0). No significant difference 
was observed in the in-hospital use of acetylsalicylic acid, 
thienopyridine, angiotensin-converting enzyme inhibitors 
(ACEI), beta-blockers, or statins between groups. 

During the first 30 days of post-infarction follow-up, 
16 deaths occurred, corresponding to an overall mortality 
of 5.3%. In addition, 96 patients with heart failure (32.2%), 
one PCI procedure (0.4%), three coronary artery bypass 
graftings (1 .1%), and ten patients with new AMI (3.3%) were 
identified. Recurrent MACE were observed in 1 04 patients 
(34.7%; Table 2). 

When the patients were compared with respect to the 
occurrence of MACE within the first 30 days after the index 
event, we observed a median hs-CRP of 8.0 mg/L (range, 
3.7-23.5 mg/L) in the group presenting with the endpointand 
6.4 mg/L (range, 3.1-1 7.2 mg/L) in the remaining (p = 0.1 1 ; 
Table 3). Among those who developed heart failure, the 



Table 2 - Incidence of the most frequent endpoints 30 days after 
ST-elevation AMI 



Endpoints 


N 


Incidence (%) 


Heart failure 


96 


32.2 


Death 


16 


5.3 


New AMI 


10 


3.3 


CABG 


3 


1.1 


New PCI 


1 


0.4 


MACE 


104 


34.7 


AMI: acute myocardial infarction; CABG: coronary artery bypass 
grafting; PCI: percutaneous coronary intervention; MACE: major adverse 
cardiovascular events (death + heart failure + new PCI + CABG + new AMI). 


Table 3 - High-sensitivity C-reactive protein (Hs-CRP) levels 
and major adverse cardiovascular events (MACE) 30 days after 
ST-elevation acute myocardial infarction 


MACE* 


hs-CRP" (mg/L) 


p value 


Yes 


8.0 (3.7-23.5) 


0.112 


No 


6.4 (3.1-17.2) 


0.112 



'Deaths + heart failure + new percutaneous coronary intervention + coronary 
artery bypass grafting + new acute myocardial infarction 
"values expressed as medians and interquartile ranges 



median hs-CRP was 8.0 mg/L (range, 3.7-26.0 mg/L), while 
the median hs-CRP was 6.4 mg/L (range, 3.1-1 5.5 mg/L) in the 
group without heart failure (p = 0.057). When hs-CRP was 
assessed in relation to death, there was a significant association 
(p = 0.05; Figure 1). The causes of death and the respective 
hs-CRPs in each patient are shown in Table 4. 

Multivariate analysis of hs-CRP in relation to all-cause 
mortality, after adjusting the markers for TIMI risk score 
(Table 5), showed an OR of 1.28 (95% CI, 1.08-1.52; 
p = 0.005). The OR of the TIMI score extracted from the 
logistic regression equation was 1 .32 (95% CI, 1 .09-1 .59; 
p = 0.004) in relation to the same endpoint. On the other 
hand, when hs-CRP and GRACE risk scores were included 
in logistic regression, an independent association was 
found between hs-CRP and 30-day mortality (OR, 1.26; 
95% CI, 1 .07-1 .50; p = 0.007). The OR corresponding to 
the GRACE score obtained from the same analysis was 1 .02 
(95% CI, 1.01-1.03; p = 0.002). 

Discussion 

The present study evaluated the prognostic role of hs-CRP 
with regard to the occurrence of 30-day recurrent MACE 
in patients with AMI treated with pPCI. No statistically 
significant association between this marker and the 
composite endpoint was observed. However, hs-CRP was 
significantly higher in patients who died within 30 days of 
the index event, and this association remained even after 
adjustment for TIMI and GRACE risk scores. 
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Figure 1 - Bivariate analysis of high-sensitivity C-reactive protein (hs-CRP) in relation to 30-day mortality after ST-elevation acute myocardial infarction (p = 0.05) 



Table 4 - Causes of death and respective hs-CRP levels 



Cases 


Death cause(s) 


hs-CRP (mg/L) 


1 


Cardiogenic and septic shock 


4.1 


2 


Cardiogenic shock 


7.6 


3 


Cardiogenic shock 


191.6 


4 


Cardiogenic shock 


38.2 


5 


Cardiogenic shock 


26.7 


6 


Cardiogenic shock 


17.6 


7 


Cardiogenic shock 


33.7 


8 


CHF and pneumonia 


48.8 


9 


Cardiogenic shock 


5.7 


10 


Cardiogenic shock; contrast-induced AKI 


3.4 


11 


CHF 


49.9 


12 


Cardiogenic shock 


54.1 


13 


Cardiogenic shock 


3.2 


14 


Cardiogenic shock 


2.3 


15 


Ventricular fibrillation 


22 


16 


Undetermined 


4.2 



Hs-CRP: high-sensitivity C-reactive protein; CHF: congestive heart failure; 
AKI: acute kidney injury. 



The nature of our findings is based on the hypothesis that, 
in individuals with AMI, the elevation of this biomarker is 
more attributable to the inflammatory response resultingfrom 
myocardial lesions than to vascular inflammation, unlike in 
individuals with unstable angina, in whom the elevation of 



CRP levels is associated with plaque instability and recurrent 
infarctions. Therefore, in patients with ACS and ST-elevation, 
elevated CRP levels have been related to mortality and heart 
failure, but not to recurrent infarctions 24 . 

There is controversy surrounding the prognostic role of 
CRP in patients with STEMI. In an analysis of approximately 
1 000 patients with a mean follow-up of 23 months, Suleiman 
et al. 22 verified an association between CRP and higher rates 
of overall mortality and heart failure after hospital discharge. 
Foussas etal 23 found higher mortality rates within 30 days after 
STEMI in patients with CRP levels > 5 mg/L, while the TIMI 
scores were the same in both groups. However, this study was 
initiated before the use of clopidrogel was widespread, and 
it did not provide information on the percentage of patients 
undergoing mechanical reperfusion 23 . 

Whether the results of studies point to an association 
between CRP and relevant clinical endpoints 24 or oppose that 
hypothesis 25 - 27 - 31 , most available evidence is based on patients 
receiving thrombolytic drugs. The retrospective design and 
failure to use the high-sensitivity method for determining CRP 
are also important limitations 25 . 

In the context of STEMI treated with pPCI, the role of 
CRP as a prognostic marker has remained unclear. This is 
attributed to the paucity of evidence in this field and the 
disparity of information and methodological flaws present 
in the different publications. Tomoda and Aoki 32 evaluated 
234 patients with STEMI who underwent pPCI plus stenting 
and showed that a CRP level of >0.3 mg/dL was an 
independent predictor of a composite endpoint comprising 
in-hospital coronary reocclusion, reinfarction, target-vessel 
revascularization, and death. Limitations of this study 
were a retrospective design, failure to use contemporary 
technologies of percutaneous intervention, failure to use 
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Table 5 - Predictors of death within 30 days after ST-elevation AMI (multivariate analysis) 



Odds ratio (95%CI) p value 



hsCRP adjusted for TIMI score 


1.28(1.08-1.52) 


0.005 


hsCRP adjusted for GRACE score 


1.26(1.07-1.50) 


0.007 



AMI: acute myocardial infarction; 95% CI: 95% confidence interval; hs-CRP: high-sensitivity C-reactive protein; TIMI: Thrombolysis in Myocardial \nfarction; GRACE: 
Global Registry of Acute Coronary Events. 



the high-sensitivity method to determine CRP, and failure 
to exclude individuals with inflammatory diseases or using 
antiinflamatory drugs. 

In an Italian cohort comprising 758 patients, hs-CRP was 
associated with short-term mortality, long-term death, AMI and 
target-vessel revascularization 33 . This was also a retrospective 
study and was associated with a high rate of patient exclusion 
from the cohort (22% of the initial sample) because of the lack 
of CRP data on admission . 

Two other studies showed an association between CRP 
and short-term MACE 3435 . However, these studies were 
limited by a small sample size of 230 and 146 patients, 
respectively, and failure to explicitly list potential exclusion 
criteria, such as the use of NSAIDs and presence of 
inflammatory diseases. Kruk et al 28 also reported that hs-CRP 
was predictive of in-hospital death without mentioning the 
exclusion criteria in their article. 

Unlike the studies previously mentioned, and still in the context 
of PCI, Ohlmann et al 36 did not show a prognostic relationship 
among CRP, infarct size, and mortality in a multivariate analysis. 
A small sample size (87 patients) and the fact that CRP was 
not determined using the high-sensitivity method may have 
influenced the results 36 . In turn, Damman et al 37 did not include 
CRP in the score for the prediction of mortality in a very recent 
study with a significant number of patients (n = 1034) because 
the marker was not proven to be associated with mortality when 
adjusted for TIMI score variables. We should point out that, once 
again, concomitant inflammatory conditions were not considered 
and individuals in cardiogenic shock were excluded. 

Our study plays an important role in the debate regarding 
prognosis and patient stratification because it shows an 
independent association between hs-CRP and a hard endpoint 
such as mortality. As previously mentioned, the association of CRP 
with clinically relevant endpoints in the setting of acute ischemic 
syndromes with ST-elevation has not yet reached a consensus 
in the literature. This was a prospective study that excluded 
clinical situations accompanied by an inflammatory response 
and the use of medications that interfere in this response, 
and it was conducted with all the contemporary therapeutic 
armamentarium 38 . The adjustment of hs-CRP to TIMI and GRACE 
risk scores 29 - 30 provides our results with even greater consistency. 



This study also has some limitations. First was its 
observational design. Second, it failed to establish a cut-off 
point for CRP level in relation to mortality. Third, it failed to 
use the C statistic to evaluate the prognostic accuracy of CRP 
in the context of STEMI because of the low frequency of this 
endpoint. Another limitation was the lack of hemodynamic 
data corresponding to coronary anatomy, which is justified by 
the fact that this was a fundamentally clinical study. 

Conclusions 

Although hs-CRP was not predictive of composite MACE 
within the first 30 days after acute ST-elevation myocardial 
infarction in patients who underwent primary angioplasty and 
stenting, this marker proved to be an independent predictor 
of all-cause mortality. 
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